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Abstrnct

A sodium heat pipe cell containing high-voltsge
d.ischcrgeplates wag constructed to study the bmd
absorption of light by the sodium dimer and to de-
temine the feasibility of creating a mctol vapor
laser. Spectrographic measurements indicated that
the Increase in sodium diner population with temper-
aw.re resulted in 90% light absorption at 970 K.
High-voltage discharges in the sodium vapor disso-
ciated the dimers and restored trmsparency t> t’-e
M4dium. No lasing action of the sodium vapor with
high-voltage d-ischargeswas observed either because
of insufficient ionization or nonuniformity of the
ionization over the plate area.

!
Introduction1“

To produce laser beams with various specific
wavelengths, there has been a growine interest in
the possibility 6f using metal vapor atmospheres.
Such appllc~tions require containment of high-
temperature vapors in horizontal tubes with windovs
at each end and feed-:hroughs for a high-voltage
plate system to ionize the metal atomB. High satu-
ration temperatures of the vapor are required to
produce sufficient atom density for efficient laser
operation. As there are no satis~actory high-
tamperature seals available, high-voltage feed-
throughs md windows must be kept in relatively cool
zones compered to the te~pers.turesrequired in the
metal vapor zone. Howev?r, this introduces the
problem of vapor migration vith condensation occur-
ring at the cooler regions, resulting In metal
coatings forming on the windows and insulators.

One method for blocking the vapor flow co the
cooler regions is to cons:ruct the cell as a gas-
controlled heat pipe with an inert buffer-gas zone
at each end to limit the axial vapor flov and mair.-
tain COU1 zones at the ends of the cell (see Fig. 1.}
The saturation temperature of the vapor can be es-
tablished by controlling the buffer gag pressure and
the location of the gas interface varied b~ adjust-
ing the power input to the evaporator heater.l
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Flu. 1 Metal vnpor lnser cell.

When the power is increased or decreased, the inter-
face will move axially to provide more or less con-
denser area as required to craincainthe saturation
temperature. For proper laser operation, the inter-
face would have to be relatively vertical and stable
to prevent diffusion or scattering of the beam. In
horizontal cells this is difficult to bchieve be-
cause of convection and gravity effects which result
in sloping interfaces and unstable conditions.

To study the operational characteristics of
this type of system, a heat pipe 7.62cm in diam
and 91.4 cm long was constructed and tested w~th
both vater md nercury as the warking fluids. It
contained no high-voltage plates or feed-thmughs
and had 5 em-diam flat windows in place of Elrevster
windows. The main objectives of the tes:s were to
determine the effect of heat pipe dl.meter, buffvr-
gas density, and convection on the gtability of tt.e
interface. This ~ystm vas operated successfully
with a relative~v vertical gas int.crfaceand the
windows remained clear over long periods of time.?

Sodium Vamr Cell

A second system wes constructed for operation
with sodium vapor. This cell was 10.2 cm in cliam
and 93.4 cm long wjt.h&n annul.w sodium heat-pipe
oven at the center fiectionto provide for m iso-
thermal heat input to the cell es shown in Fig. 2.
E@ch heat pipe hnd jts own gas-control syslcm.fbr
separate control-gas pressure (see Fig. 3).

It has been reported that sodium vapor absorbs

Pfi”r~icularwavelWths vavjng from red to violct
with increasing temperature and~eventually bccomc.s
opaque to the visible spectrum, This occurs be-
cause of the ]mescnce of the sodiun molecule or
dirnerwhich results in band absorption. As the
temperature is increased, the timer population in-.
creases resulting jn more band absorption. Such
absorption,would br detrirnentmlto the transrnissjon
of a laser beam co Lhe experim~nt vas divided into
two parts. The first part was to operate the cell
vith no high-voltage plate systea installed and run
a eerles of tests over c temperature range with
three different inert gases - arGon, helium, smd
neon. A whltc li~hL from a twl~stcn-halide lamp
was foc.uuedwith rilens End di].ectedthrough the
sodium vapor ~n the cell to a ]’ecordingspectrograph
so that the absorption cs a functiol]of vavelcngth
could be deter-mjncd. ‘l’hesecolidpart of the cxperi-.
ment was to Install a hi~h-volt.n~eplntc system in
the CC1l to determine if hjgh-voltngc discharges
dissociate sodium di~le-s“u.ficiently to restcre
trnnspnrrncy LCJthe hlcdi~::md also if the dis-
charges would produce n sodiuclltIsc.rtIC~.

lLW!.&!2Q&2Q~:’l 1

‘1’lletest.sto dvtcrmine tht’absorptior(of light
by ~odiurnvopcr vcI.JfJcdthnt [~bsorl,tionjnct-cuscs
with tempr~l,llt,llrl,
the 1

Mc,asu~cmeilt: of the intensity of
Ehi il,{m:.mltcd were mmlc,by the spcctrocrnph
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Fig. 2 Teat cell for liEht absorption otudics.
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over a spectrum range of 3200 to 7700 ~. Visual
ob~ervations alto verified the change in absorption
vavelcngth by color changes in the cell from white
to yellowish-green, durk green, blue, and finullY
violet at the highest operntlng temperature. The
results of the tests nre cummnrizcd by the curve~

2

shown in Fig. ~. This figure 8190 shows t.hcapprox-
imate wavelengths of the various color ranges. The
curves shov the change in intensity of & beam of
white light passing through a sodium atmosphere at
different heat. pipe oven tuperatures na rccerded
by “thespl:ctrc,graphvith e helium buffer gas in the
cell.

CUNC .4W8S obtained from a run made at room
temperature with three different gases - argon,
helium, and neon. The ga6 pressure vas varied from
1 atm to vacuum vith each gaa but there was no
change in th? jntensity of the light i.ranwrdseion
throubh the GC1l nnd the type of gas or prcss~-e
had no effect. The normal black body curve for the
tungsten-halide lamp peaked at about 10,000 A,hov-
ever, the cllrvcobtained vaa cut off well bclov
this value ‘becauseof the spectral reeponae of the
photomultip~jer ~nd spectrometer.

Curve II vas ob’~ined for an nveragc heat pipe
oven tem;)erc.’,ureof ’700K. Line absorptiu: by the
sodium atom reduced the inten~ity at 5893 A to al-
ncmt.zero, ]]ct.wcen4700 and 4200 A molecular or
band ab3,0rpt:.onstarted to appear as chow-nby the
irregulnr vavc pattern and a large dccrca~c in
intensity, ‘YhcrcvaS fLISO a reduction jn the matq
pc& of the curve, The Ii@t in the CC1l va~ a
yellowish-green color.

When ttc hcnt pipe oven temperature wma in-

crcmed to ‘,91) K (curv~ C), complctc absorption
resulted down to 58OO ~. There was tranrimisaion
bctveen 50G!II,hd!J200A resulting in n darker green
light emergj.n[;from the cell with the mn{n prak
intensity reduced by 50%. The band absorption
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Fig. h Light absorption by sodium vapor.

between 5200 and 4700 ~ reduced the intensity to
zero. Belcv th?.swavelength transmission egai~
occurred beyor,dthe visible range.

Curve D was obtained with en oven temperature
Of 870K. Complete.absorption occurred down t~ a
wavelength of 4500 A changing the color of the
emerging light to indigo. A series of runs was also
made at this temperature with neon a~ the buffer gas
and the pressure varied from one atmosphere down t.o
one-half M atmosphere but there was no change in
the spectro~raphic curves. This indicated that tile
absorption of liCht was a function only of the
pressure and temperature of the sodium vapor and I/as
independent of the type or ureasure of the buffer
gu . I

When the oven temperature was increased to
970 K, complete absorption occurred dovn to 4450 ~ ~
(curve E). TbSre was some transmission betveen ~
4h50 and 3700 A but the int?risitywas only ]9$ of
the original penk intensity and the emerging light
wag a deep violet color.

I
At the end of the test series, a scan was made

with both a vacuum and one nmosphere of helium in
the cell at room temperature. Tl]eoriginal spectro-
graphic curve wa9 duplicated, indi~atlcg that the ~
buffer ~as at the ends of the pipe prevented my
sodium condensation on the windows. I

I

}llChVoltage Dischnr&e Testc

Upon completion of the light nb~orptic~ltest.:,
the sodium wus dictilled out of th~ cell md the
wick structure rcplnced. Bcforc in~tnllin~:the I

hi@-voltr,Ce plate :,:/stem,n sr.fllcell wns con-
structed to test t}lccofiFtit~lbilityOr insulator

naterinls with sodi~n liquid e.nfivapor and to study
glow discharges in SO~im vupor. ‘his cell was
3.8 cno.d. and had a ‘1’-colmectionat one end for
the introduction Or a high-voltmze lead to a ‘~pcrk-
gap and provide for a sapphire tindow to observe
the effect of hi,,h-voltagedischar&es on sodium
dimers. A superheater wag Placed around the spark-
gap area end saturation heaters covered the ends of
the two vick structures as shown in Fig. 5. Neon
buffer-gas zones were maintained and controlled
through tubes at each end of the cell connected to
a gas supply and a VUCUUM system. Both alumina and
boron nitride insulators were subJected to sodium
liquid and vapor at 873K. These rnateriela were
readily vetted by sodium, but th?rc wea no evidence
of attack or disintegration. After the cell was
wet in, a voltage test vas made at room temperature
with a vncutvnin the CC1l end the insulator system
withstood 20 kV without a voltege breskduvn. When
a white light was beaned into the cell at an opera-
ting temperature of 873 K, the reflected light
appeared dark green in color because of the mol=-
Ular or band absorption by the sodium vapor. How-

ever, when a high voltage v= applied, a glow dis-
charge vas obtained in the spark Eap which emitted
a characteristic yellow sodium D line. The obser-
vation of this wavelen@h indicated there was dis-
sociation of the dirnersvhicb decreased absorption
of liEht by the sodium vtipor. This also demon-
strated that sodium jonizes retidilyend that a glow
discharge could bc obtained without a preionizer,
The only difficulty encountered in the operation of
this cell at temperature was thnt the high-voltage
lead acted as a cc,ldfinger resulting in the
formation of liquid drops on its surface in the
vapor zo~e. These drops vould eventually become
large enough to cause nrc~ng to the vetted insulritor
surrounding the :;parkcap. From these tests i.twas
evident that the high-voltage lead would have to be
superheated to prevent any condensate from forming.

A high-voltage plate system xas then con-
structed and insLalled in the lmrge cell as shown
in FiE. 6. The plates were 25 cm long by 2.5 cm
wide and supported in FIboron nitride insdator with
a gap spacing of 1 cm. The high-voltage lead vns a
1 cm dism tube inserted through a teflon-insulator
senl nounted in t.hcend flange and insulatct wi+h an
alumina tube from t.hcLcflon insulator to the plate
connection where it vas covered ~.itba boron nitride
enclosure. A ceramic heater was designed which
could be inserted inside the tube to superheat the
area where it conncctcd la Lhe hieh-v>ltage plate.

After t,hece]lwas loaded vith 90 g of sodium
and the vick structu,.ewet in a series of tests was
made at various temperatures to dctermi:leif a
sodium lnscr benm could be obtained with high-
voltn~c discharges in a sodium atmosphere. An op-
tical resonant cavity using brond hand nirrors vag
~ct up so that Ir risorl~umlnser beam vas emitted
from the CC1l il could be observed on an Inagc
screen. The system uos nli~ned by nn cxtcrnnl
lnser beam chrou@l n heom-splitter and focused on
the immge ficreen. (SCC Fig. Y). This bcmnwas
shut orf when tests were made to dctcrminc lf the
CC1l cmiLtcd a sodiun l:ls,c1..A helium-cadmium loser
WUY uced for the ali~nmcnt as it emitted n blue
li~ht nt 41116A whicl]rould pas, through the sodium
nhnocpherc viLhouL bCiIIC~bsorbed. High-\-oltnee
pulse discharges producccla yellow glow dischnrge

.
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Fig. 5 Insulator comparability test cell.
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Fig. 6 Sodium heat pipe cell with high-voltege plate system.

-vith currents up to 65 amp a:ross the plates, but saturation temperatures Up to 793 K as determined

no sodium laser besm vas emitted from the cell. by the temperature at the ends of t~.ewick str’~c-

‘lTIeinert-gas buffer zones at the end of the cell tures. It was estimntcd that at the Gaturntlon

kept the windows clear of sodium condensate, how- ternpcruturethe sodit~ ntmosphcre had a density of

ever, the teflor.feed-through for the hi~h-voltnre 5X10’5 ntoms/cc.

lend eventually broke dovn ~esulting in a shorL to
eround. Durin[;this test the d{schnrge r.oncvus
kept supcrke:ltedut 873K or above, to prevent :my
condcnsute from forming on the plmtes, vith siodium
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Conclusions

LiKht Absorption Tests

ROM these tests it is apparent that the in-
crease in sodium dimer population, that occurs vith
increasing temperature and vapor pressure, eventu-
ally resultc in a high deg?ze of opacity to light
transmission by the aodiuu vapor. The rate of
transmission decreaae indicbted that absorption in
the tisible region of the Cpectrum would be essen-
tially complete at a temperature slightly above
973 K.

WOltaEC Disch=ee Tests

The results of the tests with high-volta~e E1OW
dischar~es in a sodium atmosphere indicated that the
discharges resulted in dissociation of the sodium
dimers aridrestored transparency to the medium
allowing passage of light in the visible range of
the spectrum. Ho lasing action of the sodium was
observed which may have been due to Insufficient
ionizaticm or non-unifrixnityof the ionization over
the plat(:area. Another reason far failure to ob-
tain a lzeer beam mey have been the fact that flat
windovs were used instead of Brewster windovs which
introduced an application loss of 8$ per vindow.
The proJ~ct va~ terminated before any guin measure-
ments cofld be made to determine if there was any
amplification of a laser besm passing through the
sodium atmosphere when subJected to high-voltage
discharges.

During all the tests, the windows vere kept
clear or condensate by the buffer gas zones ar,dthe
heat pipe vicking action maintained a sodium Ltmo~-
phere. If further invest,igntionof metal vnpors is
done for lnser application, it is believed that a
hcut pip? cell ic the only method avnilablc for
mn.intainin[;a high-temperature metnl-vapor atmos-
phere while keeping windov~ and feed-throughs clear
of condenstitein cooler zones.

References

1. . J, E. Deverd-1, E. S- Keddy, J. !?.Kmnme, and
J. R. Phillips, “Grcvity-Assist Heat Pipes for
Thermal Control Systems,” Los Alamos Scientific
Laboratory report LA-59@-M5 (June 1975).

2. J. E. Deverall, “GLz-Interfnce Studic.~in Large
Horizontal Heat Pipes,” ks Alamos Scientific
Laboratory report IJ.-66]16-MS (January 19’(’().

3. C. A. Busse, Erlratom,Ispra Italy Personal
Communication (Nnvcmbcr 1.975),

Acknowledf~ent— —

This vork vas done under the
US Department of Zneru.

auspices of the

.

5


